Interspecific hybridization may result in asexual hybrid lineages that reproduce via parthenogenesis. Contrary to true parthenogens, sperm-dependent asexuals (gynogens and hybridogens) are restricted to the range of bisexual species, generally the parental taxa, by their need for a sperm donor. It has been documented that asexual lineages may rarely use sperm from a non-parental species or even switch a host. The available literature reports do not allow distinguishing, between whether such host switches arise by the expansion of asexuals out of their parental's range (and into that of another's) or by the local extinction of a parental population followed by a host switch. The present study combines new and previously collected data on the distribution and history of gynogenetic spined loaches (Cobitis) of hybrid origin. We identified at least three clonal lineages that have independently switched their sperm dependency to different non-parental Cobitis species, and in cases incorporated their genomes. Our current knowledge of European Cobitis species and their hybrids suggests that this pattern most probably results from the expansion of gynogenetic lineages into new areas. Such expansion was independent of the original parental species. This suggests that sperm dependence is not as restrictive to geographical expansion when compared with true parthenogenesis as previously thought.
INTRODUCTION
Interspecific hybridization has long been considered a significant generator of diversity in plant evolution, but its role in the animal kingdom has only recently been appreciated (reviewed in Arnold 1997; Seehausen 2004) . Normally, natural mating between two distinct animal species yields either fertile hybrids with normal meiosis or F 1 s that are not viable or sterile. However, in some instances, the crossing of two distinct species can result in asexual (unisexual) hybrids due to disrupted meiosis (reviewed in Dawley 1989; Vrijenhoek 1989) . In asexual animals, two basic reproductive modes have been recognized that differ in whether or not they require sperm: (i) sperm-independent parthenogenesis, where sperm is not required for the development of clonal progeny and (ii) sperm-dependent parthenogenesis where sperm is required, either to (i) trigger cleavage in the absence of syngamy resulting in fully clonal progeny (gynogenesis) or (ii) fuse with the clonal maternal genome (to restore hybridity) without contributing genetically to the next generation (hybridogenesis).
Although hybrid asexuality is assumed to pose serious constraints on the evolutionary longevity of clones (for reviews see, Maynard Smith 1978; Vrijenhoek 1998; Simon et al. 2003; Schlupp 2005) , parthenogens may profit from some short-term advantages over sexual forms (Vandel 1928; Baker 1955; Kirkendall 1990 ). However, sperm-dependent parthenogenetic hybrids suffer one important constraint-they are reproductively dependent on sexual individuals and thus may neither be able to out-compete their sexual counterparts nor escape from their competition (Beukeboom & Vrijenhoek 1998) . So far, the evolution of sperm-dependent parthenogenesis has mostly been studied from the point of view of the fine balance between ecological and reproductive parameters that allow for the coexistence of gynogens or hybridogens and their sexual progenitors (Baker 1965; Vrijenhoek 1979 Vrijenhoek , 1989 Semlitsch et al. 1997; Doncaster et al. 2000; Alves et al. 2001; Engeler & Reyer 2001; Pound et al. 2002; Schley et al. 2004) .
Modern molecular genetic tools have allowed the identification of many hybrid forms. This has provided an opportunity to assess critically whether spermdependent parthenogens need to coexist with their sexual parental species or whether they may switch to a new sperm-host species. To our knowledge, host switches have been documented in the asexual lineages of fishes (Cobitis: Janko et al. 2005a; Poecilia: Niemeitz et al. 2002 Poeciliopsis: Mateos & Vrijenhoek 2002 , 2005 ; Squalius: Alves et al. 1997 , Cunha et al. 2004 , Sousa-Santos et al. 2006 and amphibians (Ambystoma: Hedges et al. 1992 , Spolsky et al. 1992 ; Rana: Arano et al. 1995) . However, it is still unclear how such host switches evolve in general.
Two alternative hypotheses may explain the evolution of host switches: (i) all-female asexuals may either escape from their parents by invading new areas and 'infecting' local populations of a new host species or (ii) they may locally out-compete their parents and switch to a new suitable sympatric host. Both hypotheses assume different population processes and would probably differentially affect the evolution of the (species-hybrid) complex as a whole. While the first scenario would blur the distinction between sperm-dependent and true parthenogens, the second scenario could significantly affect the biogeography of the complex resulting in extinctions of parental populations or species.
In the present study, we focused on the evolution of host switches among gynogenetic lineages of spined loaches from the Cobitis taenia complex sensu (Janko et al. 2005b) . These are small bottom-dwelling fish that inhabit non-Mediterranean Europe. Six parapatric species are known to hybridize (Cobitis elongatoides, C. taenia, Cobitis tanaitica, Cobitis taurica, Cobitis strumicae and Cobitis melanoleuca), producing numerous virtually all-female asexual forms that coexist with the parental species (Bohlen & Ráb 2001; reviewed in Janko et al. 2007b) . We have identified three primary patterns of hybridization leading to hybrid asexual lineages, i.e. C. elongatoides-taenia, C. elongatoides-tanaitica, C. elongatoides-taurica. These have spread over the whole range of the complex and in some cases have incorporated additional genomes through mating with parental or non-parental species, resulting in a variety of diploid and polyploid biotypes, including tri-genomic hybrids ( Vasil'ev et al. 1989; Janko et al. 2005a) . Gynogenesis has been proven for C. elongatoides-taenia and C. elongatoides-taenia-melanoleuca hybrid females (Saat 1991; Vasil'ev et al. 2003; Janko et al. 2007a) and is assumed for all hybrid lineages since (i) spined loach females may not spawn without males, (ii) all known hybrids are fixed heterozygotes and (iii) hybrids even co-occur with the sexual species far from the hybrid zone (Saat 1991; Janko et al. 2007a,b) . Asexual lineages of these species have evolved as a result of hybridization and subsequent dispersal during the Holocene (Janko et al. 2005a) . Two putatively ancient clonal lineages are also known stemming from the hybridization between C. elongatoides and C. tanaitica (the so-called hybrid lineage I ) or C. taurica (hybrid lineage II ). The former lineage has a remarkably large range that encompasses almost the entire known range of its original parents, including areas where both of its progenitors are absent, namely the Rhine R. and southern Ukraine. This is an abnormal pattern, because all hybrid lineages are generally restricted only to the range of the parental taxa coming from the primary hybridization ( Janko et al. 2007b) . Similarly, in southern Ukraine, hybrid lineage II occurs exclusively in the absence of its parental species ( Janko et al. 2005a,b) . In both cases, hybrid females switched their sperm dependence to the local host species C. taenia and there is a high frequency of individuals that carry the C. taenia genome in addition to the original parental genomes (Janko et al. 2007b) .
To assess the dispersal potential and evolutionary plasticity of spined loach gynogens and, particularly, the way in which host switches originate, we have combined new information on the distribution of asexual loaches from previously unsampled areas of the lower Danube R. and the Aegean Sea drainage area with the results of Janko et al. (2005a Janko et al. ( , 2007b . Although we are still far from understanding the evolutionary plasticity of sperm-dependent parthenogens, our data suggest that sperm dependence may not necessarily be as restrictive as previously thought.
MATERIAL AND METHODS
Four hundred and twenty-four individuals were collected from previously unsampled areas of the lower Danube R. watershed, western Black Sea tributaries and Struma R. (localities no. 1-25 in figure 1 and table 1 ). In addition, data were included for 385 individuals from previously sampled sites (localities no. 26-44 and part from no. 1 and no. 3-6 in figure 1 and table 1; Janko et al. 2005a Janko et al. , 2007b to provide complete coverage of the entire range of biotypes of interest. Fin or muscle tissue was taken from each specimen. For each specimen, a tissue was available in both frozen form and preserved in ethanol for allozyme and mtDNA analyses, respectively. In order to unambiguously determine the taxonomical status of each sample (i.e. sexual species, interspecific hybrid of given genomic composition), we used three previously published diagnostic allozyme loci (GPI-A, sAATand sMDH-A; Š lechtová et al. 2000; Janko et al. 2007b) . Previously analysed specimens ( Janko et al. 2007b) were used as electrophoretic mobility standards. For individuals from localities no. 14 and 15 in the Struma R., for which no frozen material was available, we used the first intron of the nuclear S7 gene (primers: S7RPEX1F, TGGCCTCTTC CTTGGCCGTC; S7RPEX2R, AACTCGTCTGGCTT TTCGCC; Chow & Hazama 1998) to identify the sample material: sequences were compared with the previously published haplotypes of C. elongatoides, C. taenia, C. tanaitica, C. taurica (GenBank accessions EF675687-EF675698), as described in Janko et al. (2007b) . Hybridized genomes contain diagnostic heterozygous sites that allow the identification of hybridizing Cobitis genomes. Only C. tanaitica and C. taurica share common alleles ( Janko et al. 2007b ). All hybrid individuals were subjected to flow cytometry (FC) analysis to determine their ploidy according to the protocol of Lamatsch et al. (2000) .
In addition, 1088 bp of the cytochrome b gene were sequenced for a subset of hybrid individuals from previously unsampled areas following Janko et al. (2005a) . Sequences were edited in SEQMAN II v. 5.05 (DNASTAR software package) and compared with the previously identified haplotypes (GenBank accessions AY706159-AY706203, Janko et al. 2005a) . COLLAPSE v. 1.2 (Posada 2004, http://darwin.uvigo.es) was used to identify unique haplotypes among the newly obtained sequences and previously published ones. Phylogenetic relationships among haplotypes were determined using a haplotype network constructed under the statistical parsimony criterion implemented in TCS v. 1.21 (Clement et al. 2000) .
There are ways to distinguish between the active dispersal and range expansion of hybrid linages and host switches that occur after the local extinction of the parental species. Under the first hypothesis, a signature of demographic growth in the lineage would be predicted. Using the 98 sequences obtained from the previous study ( Janko et al. 2005a) as well as those from the current study, we employed three approaches to infer the demographic growth in lineages I and II. We used the DNASP software (Rozas & Rozas 1999) to assess the distribution of the number of pairwise mutation differences between sequences (the mismatch distribution), which is typically unimodal in recently expanded populations, but irregular in shape in stationary populations (Rogers & Harpending 1992) . Then, using the same software, we applied the Tajima's D test of neutrality, which is expected to result in significantly negative values under a selective sweep or population growth and/or bottleneck, whereas balancing selection or population structuring typically result in positive values (Ramos-Onsins & Rozas 2002) . Finally, we computed maximum likelihood (ML)-based estimates of theta (q ML ) and exponential growth rate s( g) (as characterized by q t Z q Kgt initial ) using the software FLUCTUATE v. 1.4 (Kuhner et al. 1998) . This method takes into account the phylogenetic relationship among haplotypes, and samples the genealogical space by the Markov Chain Monte Carlo procedure. We used a transition/transversion ratio of 10 and Watterson's (1975) estimator of q. The initial run included default settings and a starting value of 0.01 for the growth parameter g. Several subsequent runs were performed with the best estimates of g obtained from previous runs (Kuhner 2003) . The final run was performed using five short chains of 8000 steps and two long chains of 200 000 steps with a sampling increment of 20. A lineage was considered to have undergone expansion when the log likelihood of the zero value of g was more than two units lower than the log likelihood for the best estimate of the g (Kuhner 2003 ).
RESULTS (a) Nuclear genotype analysis
The species-diagnostic allozyme markers (Janko et al. 2007b ) identified three sexual species (i.e. C. elongatoides, C. tanaitica and C. strumicae) among the new samples (tables 1 and 2). In addition, two types of interspecific hybrids were also identified within the study area, which generally coexisted with either of the sexual species (table 1, figure 1): C. elongatoides-tanaitica and C. elongatoides-tanaitica-strumicae. All biotypes determined as hybrids were fixed heterozygotes for alleles of more than one distinct species and carried the species-specific alleles in all diagnostic loci ( Janko et al. 2003 ( Janko et al. , 2007b . Furthermore, the gene dose effect (Vrijenhoek 1975) or tri-allelic constitutions in some loci suggested that most of these individuals (167 out of 189) were polyploids. In two cases, we identified 'pure' hybrid populations, but due to low sample sizes it is probable that the local sexual species was unsampled. Two individuals from locality no. 7 carrying C. elongatoides-specific alleles at all loci were heterozygous at sMDH-A for C. tanaitica-like allele 060, suggesting that they may be introgressive hybrids. These individuals were discarded from subsequent analyses and shall be studied in detail in a further project aiming to describe the level of introgression between hybridizing loach species.
Using sequences of the first intron of the S7 nuclear ribosomal gene, three individuals were identified as . Grey, C. elongatoides; light grey, C. taenia; dark grey, C. strumicae; black, C. taurica and C. pontica; diamonds, C. elongatoides-tanaitica; triangles, C. elongatoides-tanaitica-strumicae; squares, C. elongatoides-tanaitica-taenia; circles, C. elongatoides-taurica-taenia; no. 1-4 and 12, C. tanaitica; no. 6, C. elongatoides-strumicae; dashed line, distribution of hybrid lineage I; dotted line, distribution of hybrid lineage II.
C. strumicae (GenBank accessions EU295700-EU295702), confirming its different morphology, while 15 individuals expressed heterozygous positions diagnostic for C. elongatoides, and either C. tanaitica or C. taurica (GenBank accessions EU295703-EU295717). Since the previous analyses did not suggest the presence of C. taurica genome in this area (Janko et al. 2005a; Bohlen et al. 2006; Janko et al. 2007b) , we conclude that these hybrids are C. elongatoides-tanaitica (table 1) .
Only 21 out of 139 hybrid specimens provided reliable results in FC. However, all individuals identified as polyploids by FC were also identified as polyploids by allozyme analysis, providing support for the results of the latter method. For reasons of simplicity and our interest in the distributions of the primary hybrid lineages, and in the presence/absence of specific genomes in hybrid biotypes, we did not assess the ploidy level of all hybrid specimens.
(b) Maternal ancestry and mtDNA diversity of hybrids We sequenced 1088 bp of the cytochrome b gene for 59 hybrids. All individuals possessed C. elongatoides-type Table 1 . Geographical origin and identification of samples. (Country codes: BG, Bulgaria; CZE, Czech Republic; D, Germany; HR, Croatia; HUN, Hungary; PL, Poland; RO, Romania; SLO, Slovenia; UA, Ukraine. Biotypes: EE, C. elongatoides; NN, C. tanaitica; SS, C. strumicae; TT, C. taenia; CC, C. taurica; EN, C. elongatoides-tanaitica; ENS, C. elongatoides-tanaiticastrumicae; ENT, C. elongatoides-tanaitica-taenia; ECT, C. elongatoides-taurica-taenia; ES, C. haplotypes (table 1, figure 2), namely E13, E29 and E30 (GenBank accessions AY706198, AY706202, AY706199), as described in Janko et al. (2005a) , and one previously unidentified haplotype, here referred to as 'En'. Haplotype En has been deposited under the GenBank accession no. EU262736. A detailed phylogeographic study of parental species (and their haplotypes) will be the subject of future publications. However, none of the parental haplotypes clustered in 'hybrid clades' I or II, supporting our previous conclusion ( Janko et al. 2005a ) that both clades represent assemblages of clonal lineages of monophyletic ancient origin. We did not observe any significant signal of population expansion in hybrid lineage I, for which Tajima's D was slightly negative, but non-significant (K0.74), the likelihood surface for the parameter g was flat and the ML value low, although the mismatch distribution was unimodal. By contrast, clear evidence of population expansion was observed in lineage II for all three tests: unimodal mismatch distributions and a highly significant negative Tajima's D value (K1.85) were indicative of population growth. In addition, the ML estimate of g was of the order of 10 4 and the loglikelihood values of the ML estimates of g were approximately five units from the log-likelihood value for no growth (0 versus K5.4), although the likelihood surface was relatively flat.
DISCUSSION
(a) Host-sperm parasite switch Although, in natural populations, the species that provides sperm for the sperm-dependent asexual is generally the parental species involved in the primary hybridization (Alves et al. 1997) , several more recent genetic studies have identified some cases of gynogens and hybridogens relying on sperm from non-parental species. We went through the lists of recent studies on sperm-dependent parthenogenetic animals by Beukeboom & Vrijenhoek (1998) and Simon et al. (2003) and referred to the original literature to identify cases of asexuals that occur in the absence of parental species. Although we do not claim that this is an exhaustive search, we found several documented cases of host switches among asexual vertebrates (see §1 for the list of genera and original citations). Among the invertebrates, we found only one case (the spermdependent planarian Schmidtea polychroa) where the asexual form lived outside the range of the sexual species (see Pongratz et al. 2003) , but due to the simultaneous production of eggs and sperm in this asexual hermaphrodite, we did not consider this to be a host switch. Janko et al. (2005a) documented the ability of both ancient asexual lineages of Cobitis (i.e. hybrid lineages I and II ) to use a non-parental species as a sperm donor, but current data suggest that even an unrelated species such as C. strumicae from a different Cobitis subgenus (Bohlen et al. 2006 ) may serve as a host. The presence of a hybrid female with a previously unknown haplotype not belonging to either of the putatively ancient asexual lineages that coexist with C. strumicae and that has incorporated the C. strumicae genome (see table 1 and figure 2) suggests that the ability to incorporate unrelated genomes and host switches is more common among spined loaches than previously thought. Our study adds to the growing body of evidence supporting the Schultz's (1967) hypothesis that sperm from more non-parental species may be used in gynogenetic reproduction. Given the assumed gynogenetic nature of Cobitis hybrids (Saat 1991; Vasil'ev et al. 2003; Janko et al. 2007a) , our data are also in agreement with the premise of Beukeboom & Vrijenhoek (1998) that gynogens are more likely to be able to switch sperm hosts than hybridogens that, in addition to the compatibility of gametes, rely on the compatibility of hybridizing genomes.
(b) Escaping from parents or becoming orphans? It is unclear whether host switches in general arise by an active expansion of hybrids outside of its parental taxon (hypothesis 1) or via local parental extinction followed by a host switch (hypothesis 2). To differentiate between these alternatives, one would not only need to identify parental species of asexuals but also have knowledge about the history of clonal lineages. This would require a thorough phylogeographic analysis of the complex. Unfortunately, available data are ambiguous in this respect. In some cases, local 'orphan' asexual populations that are putatively dependent on sperm from a non-parental species are fully encompassed within the ranges of one or both parental species (Niemeitz et al. 2002; Schlupp et al. 2002; Mateos & Vrijenhoek 2005) , preventing the distinction between models.
Gynogenetic females of silver crucian carp (Carassius auratus gibelio) are known to have expanded in Europe after human-mediated introduction (Holčík & Ž itň an 1978; Kalous et al. 2007 ) used the sperm from various cyprinid species for reproduction (Peň áz et al. 1979; Yang et al. 2001) . This case seems to support the 'escape from parental species' hypothesis. However, recent discoveries from silver crucian carp males in Europe (Lusková et al. 2004) raise doubts about such an interpretation. In theory, both sexuals and gynogens might have been introduced to Europe, and males might have remained undetected for a long time due to their low frequency in the population, which is otherwise typical for gynogens ( Vasil'ev et al. 1989; Zhou et al. 2000; Janko et al. 2007b) .
The contrasting scenario of local parental extinction followed by a host switch (hypothesis 2) seems supported by the hybridogenetic Squalius alburnoides complex in the Iberian Peninsula, in which the paternal species is assumed to be extinct, and asexual hybrids occur in the absence of the maternal progenitor in the northern parts of their range, relying therein on an unrelated species as a host (Alves et al. 2001) . mtDNAbased phylogeographic analysis (Cunha et al. 2004) suggests multiple origins for asexual lineages endemic to several river basins with putative extinction of a maternal progenitor in the rivers of northern Spain. However, this explanation has been questioned on the grounds that mtDNA introgression was discovered in asexual S. alburnoides lineages, making the hypothesis of a single origin followed by subsequent dispersion over the Iberian Peninsula even more parsimonious (Sousa-Santos et al. 2006) . The apparent 'absence' of paternal species was also recently hypothesized as an artefact of divergence of the nuclear S. alburnoides genome from existing paternal species (Sousa-Santos et al. 2007) .
Similarly, European hybridogenetic water frogs of the Rana esculenta complex contain populations that might provide evidence of a host switch. Here, the Rana lessonae genome is replaced by Rana perezi in the hybridogen R. kl. grafi. In addition, some populations of R. kl. esculenta are entirely independent of a sperm donor due to the existence of hybridogenetic males and females (Gü nther 1979). It still remains unclear whether R. kl. grafi is a primary hybrid (Graf et al. 1977) or whether it is derived from an expanding R. kl. esculenta that has changed host species (e.g. Arano et al. 1995) , and we do not know how the orphan R. kl. esculenta arose.
To our knowledge, the best analysis to date of host switch was performed in the sperm-dependent asexuals of mole salamanders of the genus Ambystoma. Spolsky et al. (1992) reported Ambystoma jeffersonianum-laterale hybrids dependent on sperm from Ambystoma texanum that exist outside the north-western range border of the continuous distribution of both original parental species. The presence of fragmented relict populations of A. jeffersonianum in this area led the authors to suggest that before switching to A. texanum, hybrid salamanders expanded into this area together with the parental species A. jeffersonianum, which subsequently retreated to the south (Lowcock 1989) .
(c) Dispersal and range expansion in the genus Cobitis By contrast, we have good reason to believe that the current distribution of Cobitis hybrid lineages reflects the opposite scenario to the pattern described in Ambystoma (hypothesis 1, i.e. the independent expansion of hybrids beyond the distribution of original parents). First, the monophyly of both hybrid lineages I and II implies geographically restricted origins probably somewhere in the mid-Danubian basin (Janko et al. 2005a) , and that their present positions (including the areas outside the original parental ranges) are the result of recent dispersal. Second, it is very unlikely that the original parental species occurs undetected in those areas where both lineages coexist with C. taenia; if it did exist, then our thorough sampling of central Europe and the southern Bug R., where C. elongatoides and C. taenia occur, would have allowed us to detect it (Bohlen & Ráb 2001; Janko et al. 2007b) . Third, unlike in the cases discussed above, the areas where both hybrid lineages coexist with nonparental species lay outside the ranges of original parents, mostly in different river systems, where no relict parental populations have been documented. Fourth, the new host's genomes were incorporated into expanding lineages on multiple occasions and the resulting tri-genomics are not found in the territories of the original parents. Finally, the demographic history of hybrid lineage II suggests that it underwent a recent population expansion, most probably linked to the invasion of new host populations.
The lack of evidence for population expansion in lineage I is difficult to explain if we accept the previous argument. The signal of population expansion (mismatch distribution and Tajima's D) may be an artefact from the process of accumulation of deleterious mutations, especially in ancient asexual lineages (Gordo et al. 2002) . On the other hand, the inferred signal in lineage I might have been distorted by the fact that its demographic history may be more complex, as it is distributed throughout the refugial areas and is fragmented among several river systems.
The alternative scenario of host switching following local parental extinction (hypothesis 2) is a less parsimonious explanation than the escape of gynogens from their parents, since it assumes three independent extinctions of local populations of the original parental species in addition to the independent expansion events into these areas. Furthermore, in Bulgaria and southern Ukraine, the orphan gynogenetic populations are found at the centres of the ranges of C. strumicae and C. taenia, which are supposed to have Aegean (Bohlen et al. 2006) and Ponto-Caspian (Culling et al. 2006) origins, respectively. Furthermore, the ages of these species substantially predate the origin of both gynogenetic lineages (Janko et al. 2005a) .
It is possible that the hybrid lineages and either of their parental species might have been present in this area before C. taenia settled there. The application of phylogeographic inference methods enabling sophisticated joint estimates analyses of the ages of population splits and their interconnections via migrations (Hey & Nielsen 2004) would allow us to distinguish between the alternative hypotheses. We regret that we have not collected a sufficient number of C. taenia samples from Ukrainian rivers, apart from southern Bug R., to perform such an analysis. However, the C. taenia population from the lower Bug R. does not appear to have undergone population expansion (Culling et al. 2006) , suggesting long-term stability. Hybrid lineage II probably expanded in the recent past (as evidenced by the form of the mismatch distribution), which supports the invasion of hybrid gynogens to a new host territory.
Our data further demonstrate surprising, and perhaps unprecedented, genome compatibility among hybridizing loach species. We documented the ability of hybrid lineages to incorporate the genome of C. strumicae, which split from the original parental species during the Middle Miocene (Bohlen et al. 2006) . Furthermore, previous data suggest that hybrid lineages of C. elongatoides-taenia origin ( Janko et al. 2005a) form successful tetraploid clones that incorporate the C. melanoleuca genome ( Vasil'ev et al. 1989) , which probably diverged from both parental species during the Oligocene (Bohlen et al. 2006 ). If we assume the evidence of expansion of loach gynogens independent of their parental species to be true, then our data suggest that sperm dependence is not necessarily as restrictive to geographical expansion when compared with true parthenogenesis as previously thought.
Whereas apomixis in plants is often assumed to be under genetic control of one or several candidate genes (reviewed in Savidan 2000), the mechanisms responsible for the origin of asexuality are very poorly understood in animals. Among the various studies (for review see Schlupp 2005) , gynogenetic systems allow the study of the interaction of hybridizing genomes and its effect on meiosis. When 'suitable' species meet, asexual hybrids are rather the rule than exception (review in Dawley 1989) . Here, we have shown that once such gynogenetic lineages arise, they do not necessarily depend on the original parental species and are surprisingly tolerant of the incorporation of quite distantly related genomes. This gives us a possibility to study more general questions, i.e. whether it is the genetic distance between hybridizing species (as hypothesized by Moritz et al. 1989) and/or the control of specific genes and/or even a single allele that decides whether or not the hybrid shall be asexual, or whether the presence of some particular forms (genomes) is required to trigger gynogenesis as proposed by Hotz et al. (1985) for the hybridogenetic R. esculenta complex. ' Valid Animal Use Protocols' were in force at IAPG AS CR, Libechov.
